1 Sprint velocity decreases on the bend when compared with the straight, therefore 2 understanding technique during bend sprinting could have important implications for aiding 3 race performance. Few bend sprinting studies have used optoelectronic cameras to investigate 4 kinematic variables. Limited published evidence regarding the reliability of marker sets in 5 conditions representative of elite bend sprinting makes model selection difficult. Therefore, a 6 test-retest protocol was conducted to establish the reliability and minimum detectable 7 difference of a lower limb and trunk marker set during bend sprinting (radius: 36.5 m). Six 8 participants completed five, 60 m trials at maximum effort, with data collected at 38 -45 m. 9
Introduction 23
Sprint velocity decreases on the bend in comparison to the straight (Chang & Kram, 24 2007; Churchill, Salo, & Trewartha, 2015 ; Churchill, Trewartha, Bezodis, & Salo, 2016) . 25
This reduction is suggested to be related to the additional need to generate centripetal force 26 (Chang & Kram, 2007; Usherwood & Wilson, 2006) . Unlike the 100 m race that occurs 27 entirely on the straight, the 200 m and 400 m races include a portion on the bend that 28 accounts for approximately 58% of the total distance covered (Meinel, 2008) . Therefore, 29 performance on the bend makes a substantial contribution to overall race performance. difficult to determine whether these changes have been influenced by variation in task 37 execution, equipment calibration, random error or protocol design. 38
To evaluate performance on the bend, the analysis of spatio-temporal, kinematic and kinetic 39 variables is required. Owing to its high reliability and validity, data collection with 40 optoelectronic systems is considered the gold standard of kinematic measurement techniques 41 consideration when working with three-dimentional motion capture is the choice of marker 45
Page 5 of 27 set (Milner, 2008) . However, in studies that have used 3D motion capture, most fail to 46 provide explicit information on the location of markers used (Alt et al., 2015; Ishimura & 47 Sakurai, 2010 Ishimura, et al., 2013) . Furthermore, there is a lack of published 48 evidence regarding the reliability of such models in conditions representative of elite bend 49 sprinting (i.e. radius, velocity and surface), since the majority of research focus on straight-50 line walking (e.g. Deschamps produced during sprinting are likely to affect the reliability of a marker set, for example 56 through an increase in skin movement artefact. Thus, it is not appropriate to assume the same 57 reliability as for walking or running actions. Due to the issues highlighted, selecting a marker 58 set for use in bend sprinting is problematic. Knowledge of reliability data enables researchers 59 to determine the meaningfulness of reported differences between conditions and conclude 60 with confidence that the effects are due to the independent variable and not the method of 61 data collection or any other form of random variation (Hopkins, 2000) . A standardised 62 marker set with supporting reliability data would be a valuable tool for use in future bend 63 sprinting research. It is important to examine both between-and within-day reliability. Whilst 64 within-day reliability is affected by task execution, random error and skin movement artefact, 65 additional factors such as system calibration and marker application may affect between-day 66 measurements. Furthermore, calculation of minimal detectable difference (MDD) provide an 67 indication of the magnitude of change required to be considered 'real' to aid researchers in the 68 interpretation of results. 69
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During kinematic analyses, the number of cameras and available laboratory space 70 impact upon factors such as frame rate, resolution and desired capture volume. The resulting 71 camera set-up can influence the coverage within the capture volume which will impact upon 72 marker detection -for example areas of low coverage within the capture volume would likely 73 increase marker drop-out rate. Furthermore, increasing the number of markers used has the 74 consequence of increasing marker application and post-processing time (Vanrenterghem, 75 Gormley, Robinson & Lees, 2010). In addition, there is potentially a decrease in the 76 representativeness of the protocol through increased athlete interference with additional 77 markers. It has been established that a lower limb and trunk marker set was sufficient for the 78 accurate calculation of CoM location and associated variables (velocity, touchdown distance 79 and turn of CoM) during bend sprinting (Judson, Churchill, Barnes, Stone & Wheat, 2017). 80
For mean step velocity, touchdown distance and turn of CoM, ICC's in the range of 0.995-81 0.998 were reported showing excellent agreement between the simplified model and a whole-82 body marker set (Judson, et al., 2017) . Since this reduced marker set has been shown to 83 accurately represent full body movements it holds promise for use in future studies on bend 84 sprinting, however, its reliability has yet to be established. 85
Therefore, the aim of this research was to determine the within-and between-day 86 reliability of bend sprinting using 3D optoelectronic motion capture with a lower limb and 87 trunk marker set. It was hypothesised that each measure would demonstrate excellent 88 reliability, and within-day reliability would be greater in comparison to between-day. 89
Methods 90
Participants 91
Page 7 of 27 where athletes were likely to be at maximum speed (Krzysztof & Mero, 2013) . 144
Approximately eight minutes were allowed between trials to allow full recovery and avoid 145 the onset of fatigue (Churchill et al., 2015). Participants wore the same pair of their own 146 sprint spikes for each testing session. 147
The test protocol was repeated two days to one week later, with the second session 148 occurring at approximately the same time of day (i.e. morning or afternoon). The marker set 149 was applied by the same researcher at each testing session. 150
Data processing 151
Cortex software (version 5.3, Motion Analysis Corporation, Santa Rosa, CA, USA) 152 was used to track and export raw 3D marker coordinate data. Automatic gap filling was 153 performed using a cubic spline on all gaps <10 frames. Raw marker positions were filtered at 154 14-18 Hz using a low-pass, fourth order recursive Butterworth filter. Trunk, pelvis and thigh 155 markers were filtered at 18 Hz, shank and ankle markers at 16 Hz and foot markers at 14 Hz. 156 (2) 219 220
Results 221
For between-day reliability (ICC 3, k), analysis of 95% CI revealed all but two spatio-222 temporal variables (Table 1, Table 2 ) were fair to excellent (0.419-1.000). Right touchdown 223 distance and left step length were poor to excellent (0.180 -0.980). For all variables, within-224 day reliability (ICC 3, 1: 0.258 -1.000) was greater than between-day reliability (ICC 3, k: The reliability of a lower limb and trunk marker set with a multi-segment foot has 330 been established for bend sprinting. The results presented partially support the hypothesis. 331
Overall, between-day ICCs were fair to excellent for all variables and comparable to those 332 previously reported during straight-line walking and running gait. Within-day reliability was 333 greater than between-day reliability, suggesting that, where possible, data collection for a 334 single athlete should take place on the same day. The between-day data presented takes into 335 account variance in athlete technique alongside the reliability of the equipment set-up, 336 calibration, random error and marker placement. As such, this will inform protocol design 337 and the determination of meaningful differences between conditions in future kinematic 338 studies of bend sprinting. The lower limb and trunk marker set is a reliable model to use in 339 future analyses of bend sprinting. However, results should be interpreted with the reported 340 MDD's in mind. 341 Table 1 : Left step spatio-temporal variables. ICC (3, 1) represents within-day reliability and ICC (3, k) between-day reliability. 95% lower-(LB) and upperbound (UB) confidence intervals are presented. Variables showing less than excellent (<0.75) reliability are highlighted with an asterisk (*). ± indicates the standard deviation of the group mean. ICC (3, 1) represents within-day reliability and ICC (3, k) between-day reliability. 95% lower-(LB) and upperbound (UB) confidence intervals are presented. Variables showing less than excellent (<0.75) reliability are highlighted with an asterisk (*). ± indicates the standard deviation of the group mean. 
